The applicability of selected ion flow tube mass spectrometry, SIFT-MS, for the study of the quality of meat and meat products in comparison to conventional techniques (SPME-GC-MS) has been investigated. To this end, two different approaches were followed. The first was to study the release of aroma compounds after saliva addition to fermented sausages and the second, the application of SIFT-MS and SPME-GC-MS to the detection of chemical spoilage in retail meat (raw and cooked). The headspace (HS) concentration of volatile compounds was influenced by saliva addition to the fermented sausage. SIFT-MS obtained better correlations than SPME-GC-MS between compound release and their molecular weight, MW, and hydrophobicity properties. Saliva differentially affected the release of the compounds, suppressing the release of hydrophilic and low MW compounds and either having little effect or enhancing the release of hydrophobic and higher MW compounds. These results provide preliminary explanations of aroma perception during eating. In addition, SIFT-MS was able to detect differences in the same way as SPME-GC-MS in fresh beef meat during refrigerated storage, but the differences were hardly detectable in cooked meat.
INTRODUCTION
The identification and quantification of volatile compounds in meat and meat products is important because they can be used as quality markers. In this regard, the quantification of volatile components and their relationship to sensory meat characteristics can be used to classify the quality of fresh meat and meat products on the basis of their manufacturing process (storage conditions, short or long ripening processes) or formulation changes (fat, salt, etc.). For this, it is necessary to determine the volatile-aroma concentrations in the samples throughout the different storage times and processing conditions. This implies that there is a need of fast techniques for extraction, identification and quantification of volatile compounds.
Generally, the study of volatile compounds in meat and meat products is carried out using chromatography techniques and selective mass spectrometry detection (GC-MS).
However, GC-MS is not capable of analysing the release of volatiles from food in real time and needs previous extraction or collection of the volatiles from the sample. In the last few years the innovative selected ion flow tube mass spectrometry (SIFT-MS) analytical technique [1, 2] has been used to analyse the volatile organic compounds emitted by foods in real time [3, 4] . However, few analyses have focused on meat and meat products [5, 6, 7] , but recently Olivares et al., [6] have investigated the correlations between SIFT-MS and GC-MS analyses of the volatiles emitted by fermenting sausages.
Most food aroma studies are focused on the analysis of the headspace of foods, mainly by static systems and conducted under equilibrium conditions that represent the maximum possible concentration of each volatile compound in the nose space (orthonasal aroma). Currently, solid-phase micro-extraction (SPME) is the most widely technique used for the collection and study of the volatile compounds in the headspace of food samples [8] .
However, it is known that the composition of volatiles released from food is different when it is sniffed than when it is eaten (orthonasal and retronasal aroma, respectively) [9] . Retronasal aroma perception is a dynamic process in which many factors such as mastication, mouth temperature, breath flow and salivation are involved. Saliva has an important impact on the release of volatile compounds because it dilutes the food, affects the pH and may cause compositional changes through the action of the enzymes present [9] . For this reason, aroma release during food consumption should best be studied by systems that simulate the retronasal process.
Among the thermodynamic parameters that affect flavour release, log P (indicator of hydrophobicity) has been described as a key parameter that influences the release of volatile compounds during mastication. However, most studies focusing on flavour release have been performed on relatively simple systems such as oil, oil in water emulsions, mixtures of sucrose and cyclamate, aqueous solution, etc, in order to facilitate the interpretation of results. With respect to meat products, Carrapiso [10] studied flavour release in sausages in which volatile compounds had been added. Only Flores & Olivares [11] determined the release of aroma compounds in a real meat matrix; however, SPME was used and no relationship between log P and hydrophobicity was found.
In the present study, we focused on two different objectives involving the application of real time SIFT-MS measurements that can achieved rapid detection and quantification of complex mixtures of volatile compounds and the comparison of these analyses with parallel measurements using the conventional SPME-GC-MS technique.
The first objective was to study the release of aroma compounds after saliva addition to fermented sausages, and the second objective involved the application of SIFT-MS to the detection of chemical spoilage in retail meat. These two objectives demonstrate the applicability of SIFT-MS to the study of the quality of meat and meat products.
MATERIAL AND METHODS

Meat samples
Various meat and meat products have been analysed. The dry fermented sausages used for this study were manufactured under a slow fermentation process with a total drying time of 63 days [12] . At the end of the process, 9 sausages were sliced, vacuum packed and stored at -80°C before analysis.
Beef steaks, muscle longissimus dorsi (LD), from three animals and two different suppliers were used. Their LD muscle was sliced into uniform 1.5 cm thick steaks. In addition, the steaks were cooked and grilled at 95°C for 2.5 min each side until they reached an internal temperature of 74°C, and then they were used for aroma analysis at 0, 5 and 8 days. All the samples were vacuum packed and stored frozen at -80°C to await analysis.
SPME-GC-MS analyses
The analysis of volatile compounds in the headspace (HS) of meat samples was done as described by Olivares et al [5] . The fermented sausages and beef meat were minced (crushed) in liquid nitrogen and 0.75 mg of antioxidant (butylated hydroxytoluene, BHT) was added. Then 5 g of the minced meat was weighted into a 10 mL volume vial.
The vial was equilibrated and the volatile compounds were extracted by SPME using a 85 µm carboxen/polydimethylsiloxane StableFlex fibre (CAR/PDMS SF, Supelco, Bellefonte, Pennsylvania, USA), as described Olivares et al., [5] . The volatile compounds were analyzed using a gas chromatograph (HP 7890A) equipped with a DB- (Table 1) . In this mode, the area described by the specific ion profile of each (eluted) compound is obtained and proper quantification was achieved using external standards. Thus, stock solutions of pure compounds were prepared in methanol and then serial dilutions were prepared. Each diluted sample was analysed and linear calibrations were constructed between the area described by the specific ion profiles and the concentrations of the compound in the diluted samples. The results were expressed in parts-per-million by volume, ppm, in the liquid solution. The HS of each sample was analyzed in duplicate.
SIFT-MS analyses
The quantification of the volatile compounds by SIFT-MS in the headspace of fermented sausages and beef samples was carried out using the method previously described by Olivares et al [5] using the identical SIFT-MS Profile 3 instrument Table 1 . The known rate coefficients for the analytical reactions were then used to quantify the absolute HS concentrations of the compounds using the general method of quantification [14] accounting for ionic diffusion and mass discrimination [16] . The concentration of the HS water vapour was routinely measured for each sample, as described in [14] , and used as an assurance of the quality of sampling. The measured absolute humidity was found to be in the range from 3.4% to 3.5% for raw meat samples and in the range from 2.9% to 3.1% for cooked meat samples. For the sausage samples the spread of the humidity was greater (2.0% to 4.7%) due to the variable fat content and dryness of the individual samples. The results were then expressed in parts-per-billion by volume of the headspace, ppbv (nL of volatile compound per L of air). The headspace of the meat samples was analyzed in duplicate. The measuring order of the samples was randomised.
Effect of saliva on the headspace concentration of volatile compounds
The effect of artificial saliva on the volatile compounds concentrations in the HS of the fermented sausages was studied by both GC-MS and SIFT-MS. Artificial saliva was prepared according to Deibler and van Ruth [9] and was added together with the sausage sample in the vial (sample/saliva ratio 1:1). The GC-MS and SIFT-MS analytical procedures were the same as described previously for the sausage alone 
Lipid oxidation
Lipid oxidation in beef samples was determined using the thiobarbituric acid reactive substances (TBARS) method [17] using tricloroacetic acid instead of perchloric acid as the solvent. The results were expressed as mg malonaldehyde (MDA) per kg of meat.
The lipid oxidation determinations were replicated three times and the results expressed as the mean of the replicates.
Statistical analysis
The effect of saliva addition on the HS volatile concentration measured by both techniques (SIFT-MS and SPME-GC-MS) was analyzed by analysis of variance (ANOVA). Differences between particular sample means were analysed according to 
RESULTS AND DISCUSSION
Comparison of SIFT-MS and SPME-GC-MS applied to fermented sausages.
The use of GC-MS in the SIM mode enhances the sensitivity and reproducibility of the analysis of volatile compounds. Thus, the fermented sausages were analysed using SPME-GC-MS in the SIM mode, as indicated in Table 1 , and the measured HS concentrations are indicated in Table 2 , together with the results obtained using SIFT-MS. The concentrations obtained using the two analytical techniques were very different, because SIFT-MS measures directly the HS concentration and SPME-GC-MS performs pre-concentration of the HS volatile compounds onto the SPME fibre. In this sense, while acetic acid and ethanol were the compounds found in highest abundance by SIFT-MS, propanal, hexanal and acid acetic were detected in highest abundance by SPME-GC-MS. These differences are most probably due to the high affinity of CAR/PDMS fibre to acetic acid and aldehydes [18, 19] .
Dry fermented sausages are meat products subjected to a ripening process where the volatile compounds are produced as a consequence of bacterial growth and biochemical processes. The intensity of these processes depends on the sausage composition, the water content available to support bacterial metabolism and the fat content for lipid auto-oxidation reactions, among other factors [12] .
The effect on the HS volatile compounds of artificial saliva addition to the sausage was also studied. As seen in Table 2 , this produced a decrease in the HS concentration of most of the compounds measured by both techniques. However, several compounds were not significantly affected by saliva addition, including 2-pentanone, 2-heptanone, 2-nonanone, octanal, hexanoic acid, 2-octenal and nonanal. Importantly, both SIFT-MS and SPME-GC-MS revealed that the HS concentration of the volatile compounds differed when artificial saliva was added to the sausages (Table 2 ).
In addition, it was seen that the effect of saliva on the HS volatile compound Table 2) . These results can be seen in Figures 1a and 1b (data obtained using SPME-GC-MS and SIFT-MS, respectively) where the ratio of the HS volatile concentration with and without saliva addition is equal or higher than 1, indicating that no reduction was detected due to saliva addition. Both techniques clearly revealed the effect of saliva addition, although the SIFT-MS data correlated better with MW (r = 0.9077, p < 0.0001) than did the SPME-GC-MS data (r = 0.5421, p < 0.0001).
Significant correlations are also seen when comparing the effect of saliva and the hydrophobicity (log K ow ); this is because saliva addition results in a decrease of the HS concentration of compounds with low K ow values (less hydrophobic compounds) and increases the HS concentration of the more hydrophobic compounds (Figures 1c and 1d for SPME-GC-MS and SIFT-MS analyses, respectively). Again, a better correlation is seen for the SIFT-MS data (r = 0.8170, p < 0.001) than for the GC-MS data (r = 0.4656, p < 0.004). The better correlation obtained using SIFT-MS data is again because this technique measures the HS concentrations directly whereas the affinity of the compounds to the SPME fibre also varies.
Saliva influences the volatility of some compounds when a food is chewed, because it dilutes the sample (food), affects the pH and may affect the binding aroma compounds through the action of the enzymes present [9] . In the present study, it was observed that the composition of the HS with the sausage alone (orthonasal aroma) differed when artificial saliva was added (simulation of retronasal aroma). In this sense, low MW and hydrophilic compounds dilute in the saliva and, as a consequence, the amount of volatile compound that may reach the olfactory receptors decreases during chewing. However, the opposite behaviour was observed for higher MW and hydrophobic compounds. Several authors have studied the release of volatile compounds from meat products. For instance, Flores and Olivares [11] reported that most of the compounds derived from bacterial metabolism and some lipid autooxidation products showed a lower rate of release when saliva was added to dry fermented sausages.
In summary, it is observed that the HS concentration of aroma compounds released by the sausages depends on artificial saliva addition. However, saliva is only one of the factors that affect the release of volatile compounds when eating food. Also involved are mouth temperature, mastication rate and breath flow [9] . The present experiments are a preliminary study of aroma perception during eating and further research by exploiting SIFT-MS for real-time studies of flavour release (direct nosespace analysis) would surely be very productive.
Comparison of SIFT-MS and SPME-GC-MS applied to beef meat.
The measurement of volatile compounds in fresh and cooked beef meat can be used as an index of quality. The storage of beef meat in MAP packages is a convenient practice, but the use of oxygen-rich atmospheres to preserve the typical red colour of the fresh meat accelerates oxidative reactions [20] . Therefore, the measurement of aldehyde compounds derived from the lipid oxidation phenomenon in storage meat can be used to follow the rancidity process.
One of the most well known compounds derived from lipid oxidation reaction are hexanal and 2-heptenal. Thus, the measurement of these compounds in fresh and cooked beef meat HS was carried out using both SIFT-MS and SPME-GC-MS. In Figure 2 can be seen the good correlation coefficients obtained between SIFT-MS and SPME-GC-MS measurements of hexanal and 2-heptenal in fresh beef meat HS. As the storage time increased, an increase in the concentrations of aldehydes (hexanal and 2-heptenal) was observed in fresh beef meat, but the release of aldehydes was obviously lower after cooking. Therefore, the good correlations obtained between the HS concentrations as measured by the two techniques for fresh meat were not so good for the cooked meat ( Figure 2 ).
Generally, lipid oxidation is measured most widely using TBARS. Other methods are based on consumer panels, but they have the limitation of being subjective. The necessity for a fast reliable technique to measure the lipid oxidation and development of off-flavours in MAP beef meat can be solved using SIFT-MS. Therefore, the measurement of the aldehyde concentration in beef meat by both techniques (SIFT-MS and SPME-GC-MS) was correlated to the TBARS values obtained at each storage time.
The results of the correlations are shown in Table 3 where it is seen that there are significant positive correlations between all the aldehydes and TBARS values in raw beef; only the measurement of acetaldehyde (by SPME-GC-MS) was not significant.
This means that during storage of fresh beef there was a generation of the aldehydes and an increase in the TBARS values.
However, the cooking of the beef meat produces a decrease in the number of significant correlations obtained. Only butanal, pentanal, hexenal, 2-heptenal and 2-nonenal was there significant correlations between SIFT-MS and TBARS values, whilst in the case of SPME-GC-MS measurements, only hexenal, 2-hexenal, heptenal, 2-heptenal, 2-octenal, nonanal and decanal were significantly correlated with TBARS. In addition, all the significant correlations obtained in cooked beef were also lower than those found in fresh beef. This can be partially due to the release of aldehydes during the cooking process as they take part in other aroma reactions [21] . In addition, other studies [22, 23] have focused on volatile compounds generated from microbial contamination in meat rather than in meat chemical spoilage as we have seen in the present study. Nevertheless, SIFT-MS was able to detect differences in the same way as does SPME-GC-MS in fresh beef meat during storage, but differences were hardly detected for cooked meat. Therefore, SIFT-MS can be used to monitor lipid oxidation changes as a fast measurement in retail meat packaged in high oxygen atmospheres.
CONCLUSIONS
In conclusion, the usefulness of SIFT-MS to monitor volatile compounds generated in meat products, such as fermented sausages and meat chemical spoilage, has been confirmed and compared to SPME-GC-MS for this purpose. However, SPME-GC-MS was not able to perform the analysis in real time, because this needs previous extraction of the volatiles from the sample. In addition, the present manuscript shows that the HS concentration of volatile compounds was influenced by saliva addition to fermented sausage. SIFT-MS obtained better correlations than SPME-GC-MS between compounds released and their MW and hydrophobicity properties. Saliva differentially affected the release of the various compounds, suppressing the release of hydrophilic and low MW compounds and either having little effect or enhancing the release of hydrophobic and higher MW compounds. These results provide preliminary explanations of the aroma perception during eating. However, this research area would benefit from real time studies using SIFT-MS during mastication of various foods. Fig. (1) . Correlation of the HS concentration ratio after saliva addition as a function of the molecular weight (MW) and hydrophobicity (Log K ow ) of the volatile compounds: a) and c) represent data obtained using SPME/GC-MS, b) and d) represent data obtained using SIFT-MS. The symbols in the figures represent the values for each volatile compound analyzed. Pearson's correlation coefficients, r, are also given.
Fig. (2).
Correlation of hexanal and 2-heptenal concentrations measured by SIFT-MS (ppbv) and SPME-GC-MS (Abundance units of the ion used for quantification as indicated in table 1; AU x 10 -6 ) during beef refrigerated storage in raw and cooked beef. Supplier 1 ( ) supplier 2 ( ). Filled and empty symbols represent the data obtained in raw and cooked beef, respectively. Pearson's correlation coefficients, r, are also given.
